Imaging terminals of Aplysia sensory neurons demonstrates role of enhanced Ca2+ influx in presynaptic facilitation.
Modulation of transmitter release underlies several forms of learning-related synaptic plasticity, including presynaptic facilitation and long-term potentiation. Although the presynaptic terminals of most neurons are not accessible for direct study, it has often been possible to correlate changes in calcium influx in the cell body, owing to modulation of K+ or Ca2+ channels, with changes in release. Some forms of presynaptic plasticity, however, do not involve changes in Ca2+ influx. Moreover, the presence of multiple types of K+ and Ca2+ channels with different subcellular distributions makes the direct measurement of Ca2+ influx into presynaptic terminals essential. Using synapses reconstituted in culture between Aplysia sensory and motor neurons, we have imaged Ca2+ influx in presynaptic terminal regions in response to action potentials, and demonstrate that presynaptic facilitation produced by 5-hydroxytryptamine involves enhanced Ca2+ influx through dihydropyridine (DHP)-insensitive Ca2+ channels present near release sites. This increased influx is attributable to spike broadening and is significantly correlated with the magnitude of presynaptic facilitation. By contrast, DHP-sensitive channels appear to aid the recovery from depression due to high-frequency stimulation.